Abstract: Nowadays, it has been observed an increasing awareness and understanding on the subject of sustainable companies and business models, addressing multi-disciplinary approaches that cover not only economical problems, but also social and environmental challenges. In line with this trend, supply chains and especially Collaborative Networks managers are increasingly aware of these sustainability issues, continuously seeking to meet current human needs while preserving environmental safety. Only this way, focusing on its sustainable growing, it is possible to preserve companies' steadiness.
Introduction
In the past decade, Supply Chain Management (SCM) has concentrated the attention from researchers and specialists from the operations management world. The recent past has shown that many companies stressed from the competition, have reduced manufacturing costs as well implemented sustainable practices as much as possible. And yet this effort has proved to be insufficient. This reality is forcing the companies and managers to address the problem of competitiveness and sustainability in a holistic way, by considering the entire supply chain.
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The holistic supply chain management approach is helping the supply chain stakeholders in identifying improvements that can be achieved by planning and managing their supply chain more effectively and also by addressing the sustainability issues in a more proactive way. Moreover, the current reality is showing that the sustainability of supply chains increasingly relies on sustainable supply management practices and policies. A growing number of companies are setting up dedicated sustainable structures, defining the key factors and suitable purchasing policies that affect the selection of suppliers and the formation of the supply networks.
Sustainability is defined as 'development that meets the needs of the present without compromising the ability of future generations to meet their own needs' [1] . According to the UN 2005 World Summit it was noted that sustainability requires the reconciliation of environmental, social and economic demands -the "three pillars" of sustainability.
Particularly within Supply Chains (SC), present decision making related with sustainability policies and practices, is a critical issue for the future of each stakeholder of the network. Sustainability networks must ensure that economic, environmental and social axes are fully aligned within each partner.
Several surveys have shown that while quality and environmental standards such as ISO 9000 [2] and ISO 14001 [3] are commonly implemented and accepted, social standards such as SA 8000 [4] or AA 1000 [5] have hardly been applied so far, and can be regarded as almost irrelevant in many industries [6] [7] [8] .
The ongoing business development demonstrated that the corporate responsibility does not start and end with each own core business, but extends upstream through the whole supply chain from the raw materials manufacturer up to downstream, the end user [6] . Due to this pressure from supply chain stakeholders to a comprehensive sustainability assessment of the entire network, extended "performance metrics" are required not only on the economic value of a business, but also in its environmental and social impacts.
In the context of SC, the performance metrics evaluation represents an important management challenge due to the heterogeneity present in the networks. Nevertheless, if successfully implemented, performance and risk assessment enables network managers to create enduring value for the multiple stakeholders in the network.
Increasing numbers of organizations report a massive volume of data, with low consistency and high variability in data quality, making it necessary to develop and implement new approaches for SCM sustainable performance assessment. In line with this, organizations need to improve the quality of performance assessment for the sake of both internal and external decision making. Along this trend, the current reality shows that the sustainability issues are here to stay and in supply chain management they are becoming increasingly critical for the success of whole supply chain business. This poses a key challenge for the supply network decision makers. This paper focuses on this topic, presenting a new approach for performance and risk assessment within supply chain networks, supported in a new and comprehensive Sustainability Assessment Framework (SAF).
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The organization of the paper is as follows: Section 2 presents selected literature on Supply Chain Management, Sustainable Development and Sustainable Supply Chain Management strategies. It also includes relevant references from performance management and risk assessment. A conceptual Sustainability Assessment Framework with its theoretical foundations, architecture and relevant indicators are presented in Section 3. Section 4 includes the methods and tools behind the instantiation of the methodology. And finally Section 5 includes the conclusions and future research directions.
Literature Review
In this section, it is reviewed the literature available on sustainable supply chain and management in order to identify the challenges and the shortcomings the network stakeholders are facing in assessing and evaluating the current management practices, policies and decision support systems.
Supply Chain Management
According to Council of Supply Chain Management Professionals (CSCMP) supply chain management is an integrating function with primary responsibility for linking major business functions and business processes within and across companies into a cohesive and high performing business model. It includes all of the logistics management activities, as well as manufacturing operations, and it drives coordination of processes and activities with and across marketing, sales, product design, finance and information technology. In this definition, the supply chain is seen as a complex network of suppliers, manufacturers, and distributors delivering goods to end consumers, and their management encompasses the planning and management of all activities involved in sourcing and procurement, manufacturing, and all logistics management activities. It also includes coordination and collaboration with channel partners, which can be suppliers, intermediaries, third-party service providers, and customers [9] .
On the last decade aroused a growing need for integrating environmentally sound choices into supply-chain management research and practice. Scrutiny of the research literature have shown that a broad number of references start by presenting a new concept, the green supply chain management (GrSCM) [10] [11] [12] . Srivastava for instance defined green supply chain management as management practices addressing the influence and relationships between supply-chain management and the environment issues. These include product design, material sourcing and selection, manufacturing processes, delivery of the final product to the consumers as well as end-of-life management of the product after its useful life' [13] .
This refocusing of supply chains management practices into environmental issues brought to the forefront the topic of sustainable development from the individual company scope to the level of the entire supply networks.
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Sustainable Development
Making the concept of sustainable development operational for Supply Chains bring up important challenges in terms of measurement and assessment. Without indicators or a quantitative framework, supply chain decision makers seeking sustainable development policies inside the network lack a solid foundation on which to proceed.
As stated previously, the concept of sustainable development includes three dimensions: economic, environmental and social. Yet according to OECD [14] , between these three dimensions there are complex synergies and trade-offs among them (see Figure 3) .
Fig. 1 -Key dimensions of sustainable development [14]
Included in these synergies and trade-offs among the SC surroundings it is possible to identify the following effects:
1. Effects of economic activity on the environment such as resource consumption, waste volumes and pollutants discharge.
2. Effects of economic activity on society such as economic growth, income levels, employment and support for social services.
3. Environmental services to the economy such as provision of natural resources, sanitary landfills, contributions to economic efficiency and employment, human resources technological training. 4 . Environmental services to society such as access to resources and facilities, contributions to health, quality working and living conditions. 5. Effects of social aspects on the environment such as environmental education, demographic changes, consumption patterns and environmental awareness.
6. Effects of social aspects on the economy such as labour force, population and residential structures, education and training skills.
To proceed towards sustainable development, companies and specially SC seek to follow policies aimed to increase economic efficiency and material wealth usage in order to take into account social and environmental objectives. Clear in this concept is a focus on inter-generational equity, implying that future generations should have same opportunities to those now available.
The concept of sustainable production emerged in 1992 at the United Nations Conference on Environment and Development (UNCED) and is closely linked to the concept of sustainable development. According to the Lowell Center for Sustainable Production (LCSP), the concept of sustainable production based on "the creation of goods and services using processes and systems that are non-polluting; conserving of energy and natural resources; economically viable; safe and healthful for employees, communities and consumers; and socially and creatively rewarding for all working people" [15] .
This definition of sustainable production not only is consistent with current understanding of sustainable development, since it emphasizes environmental, social and economic aspects of firms' activities, but it also emphasize the operational perspective, since it highlights six main perspectives for a sustainable production: energy and material use (resources); natural environment (sinks); social justice and community development; economic performance; workers, andproducts.
In fact, when planning a manufacturing system, from the first stage, it is critical to explore a concurrent engineering approach, where facilities and technologies, processes as well as products characteristics should be designed in parallel. That is the reason why, when dealing with sustainability assessment, the complexity increases greatly. Thus, it is essential to explore new methodologies and tools capable to standardize and enhance the way that it could be possible to evaluate the level of sustainable production of a complex manufacturing system, such as a Supply Chain.
Sustainable Supply Chain Strategies
As Morash [16] proposed in his model for supply chain strategy, the business strategy precedes and conditions the supply chain strategy in their objective for operational positioning. And as Perez-Franco [17] demonstrated in his study, in the vast majority of the cases, the business strategy is explicitly stated, and yet the managers have difficulties in translating it to coherent and aligned supply chain practices and policies. Cohen and Roussel [18] , in their work identified five critical configuration components for the supply chain management strategy that contribute to alignment with the business strategy: operations strategy; outsourcing strategy; channel strategy; customer service strategy; asset (logistic) network. As is recognized, all of these areas have a critical impact in the sustainability performance of the supply chain.
From the perspective of sustainability, the research literature identifies basically two distinct strategies for sustainable supply chain management practices: supplier management for risks and performance assessment; and supply chain management for sustainable products (mainly in the green/environmental aspects) [19] .
From the perspective of planning and supporting the implementation of sustainable supply chain management strategies, the Supply Chain Operations Reference (SCOR) Model ( fig. 2 ), which was developed by the experts and practitioners of the Supply Chain Council, is a major framework for supply chain planning that features supply chain management practices and business process Author reengineering. With version 10.0 of SCOR, the model includes process elements addressing environmental aspects of managing a supply chain called GreenScor. These additions allow the SCOR model to be used as a green supply chain management tool, allowing managers to design and optimize supply chain operations with sustainability in mind [20] .
Fig. 2 -Overall view of the SCOR model
Performance Management
According to Sobotka and Platts [21] , it is not possible to manage a process if it isn't possible to measure its performance. In other words, performance management should be seen as an essential principle of management, because it not only enables the detection of gaps and bottlenecks in the processes (matching between current performances and desired performance), but also indicates where processes should be improved, namely in the sustainability issues, in order to fulfil these gaps and increase the overall performance of the factory or the entire supply chain. Hence, for sustainable companies, it is critical to determinate and select the key metrics, which, delivered to the right decision maker, can provide the crucial information to assure the factory processes improvement.
In fact, to achieve a useful performance management, it is required to the managers perform an exercise of balance between the interests of the supplychain participants, knowledge about costumer's requirements, environmental factors and the business processes knowledge. Indeed, the choice of performance measures (economical, environmental and social) not only must integrate strategies, resources and processes but also should allow the its continuous improvement. In fact, this choice enhances the company to become more flexible and capable to adapt in real time to the continuously changing market and social demands [8, 22] .
In order to execute a performance analysis of a complex system, a preliminary step requires the structuring of the raw data available on the Title company. As result of this process performance indicators are generated. However, not all performance indicators are relevant to the system behaviour analysis. It is necessary from the managers to define which are the key indicators to use according to their importance for the process [23] . The key performance indicators (KPIs) are the input information to be analysed once captured by a performance measurement systems on the processes' output. The results obtained from this evaluation intends to be able to provide reliable information for decision making referring the necessary actions to problem solving, continuous improvement, process reengineering, or process innovation. In fact, the KPIs should be selected in order to support decision-makers improve the performance of processes in focus [24] . A linked concept is the key results indicator (KRI); which represent how actions are done in a perspective of a critical success factor. Other related concepts are the results indicator (RIs), or outcomes, that tell us what has been done; and the performance indicators (PIs), that tell us what has to be done. So, according to Parmenter [24] , the KPIs "represent a set of measures focusing on those aspects of organizational performance that are the most critical for the current and future success of the organization".
Risk Assessment
The risk assessment stage is one of the critical activities that should be performed during the entire risk management process (Fig. 3 ). The risk assessment activity aims at identifying what can happen and why (risk identification), which are the consequences, the probability of occurrence (risk analysis), and which are the factors that can reduce the impact and probability of risks occurring (risk evaluation). Therefore, it is advisable to execute this activity following a structured methodology that identifies how the objectives may be affected, and analyses the risk in term of consequences and their probabilities before deciding whether further treatment is required.
One of the most important contributions of the risk assessment goes towards incident prevention instead of post-incident investigation. Risk assessment programs should allow organizations to be more proactive and less reactive during the entire production system life cycle [25] . A proactive risk assessment program should be able to influence organizations to design and evaluate processes before those processes begin [26] . The timing of safety analysis and consequent corrective action is critical to minimize the impact on cost and schedule.
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Fig. 3 -Risk Management Process (ISO 31000)
Within the literature review, two main approaches to perform risk assessment can be identified: a qualitative risk analysis and quantitative risk analysis [26] .
Qualitative risk analysis methods determine loss based on the knowledge and assessment of a risk analyst (the resulting level of risk may be seen as a combination of consequence and probability, according qualitative criteria). Qualitative methods assume that a loss cannot be expressed as a discrete event. These methods, therefore, try to express the risk in terms of descriptive variables (assessment of a Likert scale from 1 to 5, for example) based on the knowledge and assessment of an analyst [27] . They include Delphi techniques, scenario analysis, fuzzy metrics, comparison risk ranking, and questionnaires.
Quantitative risk assessment measures the risk in specific units, based on practical values for consequences and their probabilities. The risk analysis based on the system modelling approach has its origins in the system dynamics discipline and is normally performed by building a mathematical model of the system. The aim is to predict results for important performance measures. With this type of information it is possible to rank risk events by their potential impact on performance behaviours in a certain time space and depending on the manufacturing system's life cycle stage. Definitely, dynamic approaches employing the physical modelling of the system are required mainly when the deterministic and stochastic behaviours of the system are strongly coupled.
It is important to underline that full quantitative approaches may not always be possible or desirable due to insufficient information on the system, lack of data, influence of human and others factors. Indeed, a comparative semiquantitative or qualitative ranking of risks created by experts should still be effective. By applying a risk assessment based not only on a hazard analysis but also using the system modelling it is possible to make a detailed follow-on action plan composed of additional analyses, corrective/preventive actions and simulations, selection of pertinent criteria, requirements and/or specifications, as well as definition of safety factors for trade-off considerations. 
Literature Review Summary
In view of the physically distributed supply networks environment, supply management is a critical aspect for organizational competitiveness and even more when considering the sustainability aspects, realizing the importance of sustainable supply chain management practices and policies.
Research has identified two main strategies for sustainable supply chain management. The first one labelled supplier management for risks and performance dealing specially with the loss of reputation aspects and related problems. The second strategy is called supply chain management for sustainable products and is focused in the definition of lifecycle based standards for the environmental and social performance of products.
Besides the existence of several reference frameworks for supply chain management, a major gap identified in the literature review is the lack of a comprehensive assessment framework addressing the sustainability dimensions of the supply networks and presenting methods and tools to deal with the overall performance evaluation and risk assessment.
Sustainability Assessment Framework
This section presents the proposed sustainability assessment framework by revealing the projected architecture and the listing of the main sustainability indicators and dimensions.
From the literature review, it is clear that, risk assessment should be seen as a system modelling approach, where both quantitative and qualitative techniques should be combined. Following a risk assessment based not only on a hazard analysis but also using the system modelling approach, it is possible to make a detailed follow-on action plan composed by additional analysis, corrective/preventive actions and simulations, selection of pertinent criteria, requirements and/or specifications as well as definition of safety factors for tradeoff considerations.
In line with this vision, the sustainability analysis can be seen as a special tool for risk assessment in medium and long terms. In fact, one of the main achievements of this type of risk assessment is based on the identification of driven factors that can provide information about the sustainable growth of a complex manufacturing system. Therefore, during this section it will be explored a sustainability index for supply chains assessment. In reality, this tool is expected to support decision makers selecting the best topology and strategy, envisioning the decreasing of the risk associated to a SC establishment. Figure 4 presents the overall step definition of the proposed sustainability analysis embed in the framework.
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Fig. 4 -IDEF1
Step definition of sustainability analysis
Architecture
In order to achieve a reliable performance management framework, oriented to the sustainably issues, it is necessary to clearly define the meaning of the concept sustainable development. Based on this premise, it should be specified the right indicators that, aligned with the organization's vision and the technological infrastructures, make it possible to extract the raw data from the shop floor, combine this huge quantity of data in a structured set of Sustainable Indicators (SI) and provide insights about the supply chain growth behaviour.
It could be argued that, it is not possible to have a set of sustainable indicators, applicable to any company or organization, since each manufacturing system should present its own characteristics, depending not only on the business activities and market but also on the strategy and vision of their stakeholders. However, the key pillar of this work is based on the idea that in order to implement a performance management strategy for sustainability issues, it is critical to have a well defined data model, capable to structure a series of standard SIs. Nevertheless, this data model should always be extended in order to follow the specifications of each manufacturing system. The problem is, if it is desired to compare different SC's topologies, how many and which indicators to use? Moreover, it is clear that decision makers are not capable to use every Sustainable Indicators that may potentially be available, raising an important issue related with data simplification that, at the same time, maximize the information within an unique but relevant variable.
In order to answer to the questions raised before, a sustainability framework was developed (Fig. 5) . Frameworks can be seen as important tools to structure work on indicators and on underlying performance. Because sustainable development encompasses three different dimensions and their interactions, there is a vast range of relevant indicators requiring a reference model in order to be framed in an organised structure. In line with this, the first stage of the sustainability framework definition is based on the necessity of harmonize an exhaustive list of potential SIs, as well as a data model for structuring these indicators. Since the sustainability concept should be flexible enough to adapted Title to each system's characteristics, it will be explained how a system thinking approach can be used in the identification and characterization of the main feedback loops presented into a complex manufacturing system.
Fig. 5 -Sustainability Framework Pyramid
Aiming to optimize the quantity of information available to decision makers, the second layer of the sustainability framework (see figure 5 ) is responsible to compile the information available into a sustainability index for each perspective of the sustainable production concept. This way, it becomes possible to evaluate the impact of a specific supply chain topology into a social, environmental and economic dimension, based not only on the measures obtained for each SIs, but also taking into account the systems dynamics and stakeholder's visions. In order to handle with the subjectivities imposed by this type of performance assessment, a Fuzzy Logic approach was adopted.
Finally, level 3 of the sustainable pyramid is responsible by the comparison and selection of the best SN's topology, based on a sustainable efficiency concept. Based on SCOR-Model approach, a supply chain life cycle is composed by four main stages: Source, Make, Deliver and Return. For each of these stages, stakeholders have to take decisions that will affect negatively or positively the achievement of strategic goals in medium or long terms. Therefore, it becomes critical to analyse which solutions present a better ratio between profits and social, economic and environmental impacts. For this important layer of the sustainable framework, a Data Envelopment Analysis (DEA) technique was selected. The DEA is based on a linear programming approach that evaluates relative efficiencies of a specific SC topology in comparison to others solutions.
Sustainable Indicators
In simple terms, a sustainable development is the realistically attainable growth that a manufacturing system should keep in order to maintain the risk in a controllable range, without achieve a no-return point. Indeed, a business that grows too fast may find it difficult to fund this growth while, a business that grows too slowly, may stagnate and cease to be competitive. Therefore, one of the main challenges becomes finding the optimum Sustainable Rate. This is the maximum growth rate that a company can sustain without having to increase financial leverage or without affecting the environmental and social dimensions.
Traditionally financial and quality indicators have been used to benchmark performance (e.g. return on investment, market share). However, these are mainly lagging indicators, exposing the results of a certain strategy. With the increasing of competition between companies, it became critical dealing with leading indicators, capable to provide insights about the future. Exploring a proactive performance management approach, it is possible to take decision based on information that anticipates future performance behaviours, instead of analysing information mainly linked to past behaviours. Kaplan and Norton called them as "Performance Drivers" [28] .
The growth of the sustainable thinking is a fact that proves this changing of paradigm. Companies are realizing the importance of improving environmental and social performances in order to save money, enhance products quality, improve company's image, as well as stimulate optimized operational performances, in order to building a competitive advantage.
In line with this, it can be identified the need to develop and implement sustainable indicators as production oriented variables, linked to the three dimensions of the sustainable development: environmental, social and economic perspectives. Through the specification of this kind of indicators it is expected to address all key aspects of production, capable to provide insights about the sustainable development of the manufacturing systems: energy and material use (resources perspective), natural environment (sinks perspective), community development and social justice (Social perspective), economic performance, employees (workers perspective), and products.
Despite the fact that each manufacturing systems presents its own characteristics and specifications, this papers is based on the idea that it is possible to have a standard set of indicators, which can be applied to any manufacturing system covering the dimensions enumerated before. Therefore, in Table 1 it is possible to visualize a series of sustainable indicators divided by sustainable production dimensions. For each indicator, it is provided the strategic goal, which is expected to be evaluated, as well as the respective unit of calculation. Due to their coverage, each indicator could be applied to any Title manufacturing system that requires assessing if the strategy adopted is fulfilling the sustainability issues, and thus, exploring its impact on the future. 
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However, if it is true that, there are a series of issues common to all companies such as energy and water use, work-related injuries and illnesses, among others, it is also a fact that differences between manufacturing systems should be taken into account, in order to be avoided an over-simplicity approach.
In line with this, the simple implementation of a standardized set of sustainability indicators may miss key impacts and causal loops, causing that the performance management mechanism became not capable to cover the entire system dynamics. Thus, if an organization aims to increase their level of maturity in terms of performance management, it is necessary to define supplemental indicators, capable to cover and evaluate production systems specifications.
In order to support companies defining their specific supplemental indicators, as well as promote the idea that using sustainable indicators is not static but rather a continuous and evolutionary process of setting goals and measuring performance, the following chapter will present an approach based on the system thinking concept that can support companies defining the supplemental indicators responsible by assess the specific feedback loops of each manufacturing system.
Methods and Tools
This section extends the sustainability assessment framework by describing the methods and tools that support the reference model proposed.
Systems Modeling
The performance management concept defines that in order to take the decision that will really improve the manufacturing system and support the organisation in achieving their strategic targets, it is crucial to periodically collect and assess information feedback about the real world. By using this information in a continuous way, it is possible to revise the existing understanding on the system, as well as the strategy adopted to drive the perception of the state of the system closer to the reality. Hence, industrial dynamics emerged with the goal of dealing with what information should be available at a decision point, as well as the consequences of defects and gaps in the information taken into account. Only this way can organisations provide decision-makers with the right information that will allow them to approximate their vision of the system to reality, and thus develop proactive management behaviour.
Aiming to provide an important contribution in the scope of the industrial dynamics, Jay Forrester at the MIT developed the system dynamics approach as a solution to help decision-makers enhance their knowledge on varying (or dynamic), non-linear, closed boundary systems behaviours and in converting real-life situations into enhanced simulation models [29] . The system dynamics approach was then created as a standard for information flow representation using a complex system based on the policies that govern those systems.
The fundamental concept of this methodology is that manufacturing systems should be represented by a series of stocks and rate variables, embedded within Author a feedback structure. Stock variables represent accumulations within a system, or describe the state of the system. Furthermore, rate variables flow from one area of the system to another and control stock changes. In other words, rate variables model the system's policies imposed by endogenous and exogenous factors in order to represent the system dynamics as reliably as possible. While endogenous variables can be easily managed, since they are strictly connected with the decision taken by systems stakeholders, exogenous factors cannot be controlled due to the fact that they are mainly linked to the external environment that surrounds the system and, directly or indirectly, affects the normal behaviour of the system. From the knowledge generated by this learning model, it is possible to understand and represent the synergies observed in the real world, and thus understand which will be the impact of current decisions in the future. Based on this knowledge it becomes trivial to identify the series of additional sustainable indicators (leading factors) that should be measured from the operational level and captured from the strategic level in order to cover the entire system's dynamics and thus evaluate the fulfilment of the strategic goals defined.
In sum, the idea of combining performance management with system dynamics is almost natural since these two concepts complement each other. For instance, while performance management intends to improve the systems performance based on feedback analysis, system dynamics support decisionmakers so that they can explore and understand the existing feedback loops and their synergies.
Key Sustainable Index
As previously explained, the sustainable production concept is composed by a series of perspectives such as: social, product design, workers, environment, and others. Thus, when a decision maker needs to take a decision for a specific stage of the SC life cycle, there is a huge quantity of sustainable indicators to be taken into account. Thus, it is now important understand how it is possible to develop a tool capable of merge, for each dimension, the respective Key Sustainability Indicators and calculate a specific Sustainable Index.
One common way of presenting the indicator data is by constructing a ''spider diagram,'' an n-dimensional polygon where n is the number of indicators. When several alternative options are represented in such a diagram, an easy decision is hard to make from the clutter of the data. Therefore, different authors have been exploring a single aggregated index that provides an easy and unambiguous decision on the competing alternatives for comparative sustainability.
However, due to the subjectivity and non-deterministic nature of most of the sustainability indicators, a modelling difficulty arises when it is necessary to specify and manage the weighting factor for each indicator. Thus, in order to deal with the non-linearity imposed by the subjectivity associated to the sustainability vision of a stakeholder, it is adequate to use a fuzzy logic technology capable of analyse each of the key indicator and retrieve the assessment corresponding to each dimension.
Title
This fuzzy logic analysis can be performed through the use of the equation represented in figure 6 . In the sustainability index fusion equation for each of the perspectives of a sustainable production it is calculated a Key Sustainable Index. This calculation is performed by a fuzzy function that receives as inputs the real values measured for each of the SIs. But how should be defined the fuzzy function responsible by the sustainable index calculation?
Fig. 6 -Sustainability Index Fusion
Lotfi Zadeh introduced the Fuzzy Logic in 1960, in order to respond to problems with non-probabilistic uncertainties. Since the beginning, fuzzy logic technology has been widely applied to support decision-makers in the classification of complex problems. Fuzzy Logic is the opposite of certainty and precision. Indeed, this technology is normally used when there isn't quantitative detailed knowledge and uncertainty is significant in the system to be analysed. Moreover, fuzzy logic is presented as an interesting tool to model non-linear systems, which are very common in the real world. With this non-linear system model, it is possible to achieve a higher definition, diminish the modulation error and characterize more complex systems. The supporters of this tool argue that everything that cannot be clearly defined is classified as fuzziness, therefore the adequacy of this approach. The Fuzzy system model is divided into four main components, according to Figure 7 .
Fig. 7 -Fuzzy Logic Schema
The fuzzyfication process specifies the system's fuzzy inputs mapped in qualitative outputs. Each fuzzy variable is set up by states, which are sets that have a membership function associated. In a simplified way, a membership functions can be seen as a graphical representation of the magnitude of each input's participation. Then, in order to normalize the SI inputs in the image of the network system, it is essential to have relevant knowledge about the impact of each SI on the system that will be modulated in order to setup the fuzzy logic control.
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Indeed, according to the impact of each SI value oscillation, the system manager can tune the membership function in order to represent this impact factor. For example, as depicted in the graph represented in figure 8 , the behaviour produced by the B2 curve is much more reactive than the one produced by the B1 curve. This can be easily observed in a real scenario, in any of the sustainable dimensions. Taking the environmental dimension as example, it is well known that the impact of the CO2 within the environment condition, despite negative, is lesser harmful than methane. Therefore, taking this as knowledge base, the production system manager can tune each of the behaviour curves in order to describe and distinguish the impact caused by a little oscillation in both cases.
Fig. 8 -SI Impact Behaviour
To compile the knowledge existing about relationship between the different SI for each sustainable dimension, normally represented by output linguistic values, a rule matrix is used (e.g. "if X is very high, and Y is high, then Z is very Low"). When the rules matrix that model the system and support all the combinations possible between the SI are defined, it becomes critical to define the contribution of each rule for the fuzzy system, using for example the Mamdani-type [30, 31] . In the following picture (see figure 9 ) it is possible to visualize the main steps described previously.
Fig. 9 -Overall Framework
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In order to get the fuzzy result, it is necessary to translate the variable fuzzy states into real and concrete values (defuzzyfication process). In order to perform this operation it is usually applied the centre of gravity method, also known as centroid. This method consists of calculating the fuzzy set mass centre.
At this stage, it is already available the assessment value for each of the sustainable perspectives. However, in order to calculate the overall Sustainability Index, it is necessary to perform a final approximation, where a Data Envelopment Analysis is proposed. It is also important to underline that, all KSI will be used with the same weight for the overall index computation. However, this is only true since, during the fuzzification process, the network manager has the chance to define the membership functions and, consequently the corresponding importance and impact for the overall network sustainability. This way, the subjectivity imposed by this type of performance management is completely absorbed at this stage of the system modelling.
Sustainable Scenarios Evaluation Analysis
The third level of the sustainable framework pyramid is mainly oriented to SCs topology benchmarking. Based on the results obtained from the previous stage of the framework it is expected to select from a list of possible SC topologies the suitable one that, for a specific scope, presents a better sustainable efficiency index.
The sustainable efficiency index is a leading indicator developed based on the necessity to evaluate, in medium and long terms, the impact caused by the strategies adopted on future SC sustainable growth. In other words, with this index it is expected to analyse which SC topology provides a better ratio between profits and non-sustainable impacts on social, economic and environmental dimensions, maximizing the equation following presented. 
Equation 1 -Sustainable efficiency index
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An efficiency measure compares the ratio output/input of the solution assessed with the maximum value of this ratio observed in others solutions. This notion of efficiency leads to an easy evaluation in the case of analysis involving a single input and a single output. However, in the scope of this research, at this stage of the framework there are available different sustainable indexes, related with each of the sustainable production dimensions.
Therefore, the major objective of this stage of the framework is to use a Data Envelopment Analysis (DEA), originally developed by Charnes et al. [32] , as a method for complementing the information provided by the key sustainable indexes, calculated at the previous stage of the pyramid. Indeed, one of the main advantages of this technique is the possibility of aggregating the multiple dimensions of sustainable production concept, evaluated by several KSIs, into a single summary measure of performance. This enables obtaining a ranking that reflects relative performance among the SCs topologies possible.
DEA is a technique for comparing the efficiency of a relatively homogeneous set of organizational decision making units (DMUs). Moreover, this technique is normally used to evaluate organisational units that use multiple resources to produce multiple outputs (products). However, in this specific case where it is expected to assess the sustainable development of a Supply Chain, a DMU will be a possible SC topology, which sustainable efficiency will be calculated and compared with the others SC topologies. In addition, resources concept will be represented by the non-sustainable impacts, formalized by the key sustainable indexes, while the revenues and profits of the Supply Chain will represent the outputs of the SC (fig 10) .
Fig. 10 -Supply Chain topology
In these circumstances, to be able to compute the sustainable efficiency index, it is required an aggregation of the multiple KSI and outputs in a single performance ratio corresponding to the weighted sum of outputs divided by the weighted sum of inputs (Eq. 2). The main difficulty associated with the estimation of efficiency in these cases involves the selection of appropriate weights. The DEA model determines the weights that give the highest possible relative efficiency score for each SC topology, keeping the efficiency scores of all other SCs topologies less than or equal to unity when evaluated with similar weights. If the unit assessed does not obtain the maximum efficiency score (100%), this shows that its peers are more efficient even when all the weights are set to maximise the score of the focus unit. 
Equation 2 -Performance ratio
As output, the framework derives a single summary measure of sustainable efficiency for each SC topology, which is calculated based on the comparison with the others possible SC topologies. Therefore, the DEA tool is capable to identify a subset of efficient SC topologies. It is important to underline that this subset will be composed by a series of topologies that present an efficient behaviour in different scopes. This means that when assessing different topologies it is necessary to take into account the size and objectives for which the SC will be created. Thus, this tool will also support decision determining the right balance between input and output targets, corresponding to a certain efficient operation.
Summary and Discussion
In sum, a performance management framework oriented to sustainability was developed based on four main stages. Initially, a collaborative network topology should be identified and designed. At this stage it is critically to not only understand the global strategy of the network but also clear identify which are the partners performing at this network as well as their roles and expectations. Following, a series of sustainable indicators should be designed in order to extract in a structured way the correct information related with the sustainable development, in terms of six main dimensions: energy and material use, natural environment, community development and social justice, economic performance, employees, and products. For each of these dimensions, a key sustainable index should be calculated based on a fuzzy approach that calculate each of these metric taking into account the different roles and perspectives of the stakeholders involved into the collaborative network. It is important to underline that this is a critical step, since it is expected to go from a series of indicators to a more aggregated set of information where the complexity of a certain supply chain should be taken into account.
Finally, the efficiency of a specific network should be calculated in terms of sustainability. This can be an important feature for world-class organizations since it will allow decision makers to compare their strategies with their competition and perform some benchmarking. In case that a network is not considered to be the leader in terms of sustainable efficiency, then decision makers are able to identify in which of the six perspectives it is feasible to improve in order to enhance their overall sustainable efficiency.
Conclusions
At the core of sustainable development is the need to consider "three dimensions": social, economical and environmental. No matter the context, the basic idea remains the same, people, habitats and economic systems are interAuthor related. It is common to ignore this interdependence for short periods of time, but history has shown that before long, mankind is reminded of it by some type of alarm or crisis.
Especially on networked organizations such as supply chain enterprises, the sustainability issues arises as relevant in performance evaluation and risk assessment for the survival of the network.
Sustainability systems are complex in nature. Beyond the idea of removing undesirable environmental impacts from processes, products, or infrastructure, these systems also need to be analyzed from the viewpoints of economic and societal impacts. Scientific sustainability is best understood in comparative terms, and the determination of comparative sustainability requires the use of indicators or metrics that represent the three pillars of sustainability. Balancing the impacts in these dimensions of an anthropogenic activity requires careful selection of indicators that capture the totality of the system. Often, however, not all impacts will be relatively favourable, and a large number of indicators make the task difficult for decision-making. Making decisions and communicating these decisions would be considerably easier if we can collapse the values of these indicators into a single index that represents the totality of the system.
In line with this, the current work presents the main concept and vision of a set of key sustainability indicators as means to evaluate the longer-term implications of current decisions and behaviours in supply chains. These can be seen as special key performance indicators that should be capable of expressing the behaviour of a network in the three described dimensions: Environment, Social and Economical. In order to compile all the data referent to each of the sustainable perspectives, this paper presents a framework that supports not only the KSI selection, but also the Sustainable Development index calculation. Indeed, with this information, it is possible to introduce a useful measure and assessment method capable of support decision makers evaluating if the SC is achieving sustainable development. Moreover, this framework is capable of providing a benchmark mechanism, to help managers comparing and assessing different networks in a coherent way.
As future work, it will be expectable to design and setup a simple but reliable pilot case, based on a real industrial scenario, where it will be possible to test and validate the framework here presented. Therefore, selected the supply chain which will be used for this pilot case, a performance measurement system will be designed based on a series of sustainable indicators. Following different scenarios for this supply chain will be created in order to have different instances of the same SC but with different values for each of the key sustainable indexes. Finally, the DEA algorithm will be applied aiming to verify if the different instances will be ranked in a correct way, as well as the relationships between the most and less efficient supply chains, in terms of sustainable growth.
